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2. On the Trlmq;m mr of Erratic Boulders from a lower to a higher
- Darwiy, Bsq,, F-RS., F.G.S.

I will, T think, be gcncmlly admitied that the st vald ojecton

which has been advanced a theory of the transportal of
e by eating e e o Tt et
unfrequently been carried from a lower to a higher level. ~ Mr. Hop-
Jins *, indecd, referring to certain boulders of a pecnliar conglomerate
described. by ‘Prof, PLllip, considers this fuot 8 afording an abso-

Jute proof of the diluvial theory, since, he adds, * it is evident that no
floating ice could possibly transport a boulder from the depths of the
vale of Eden over the heights of Stainmoor.”  Prof, Hitcheack has
severnl times alluded to similar cases in North Amrica as ofering a
very great difficulty

"Tie frt instance recorded, as iz as T know, of the transportal of
boulders from a lower to  higher level, is by Prof. Phillipst, who
in 1829 deseribed numerous large blocks of granwacke not far from
Kirby Lonsdale, scattered over the mountain limestone from o height
of 50 to 100 fec above the parent. rock, which ies immediately bo-
neath, He adds < Further o, o an lovaton of 130 et tho bocks
arc still numerons, and they may be scen, by ascendin edge
aRer wother, almost to th top. of the Tell, 500 feet thove e
original position. They appear,” he continues, © to have heen driven
up at  particular place by n current towards the north, and after-
wards carried along the surface of the limestone in  narrow track
Toward the summit of the Tell.” The conglomerse allued o by
Mr. Hopkins has been transpored from the bottom of the wll
of iho Tien, where the roskHes in st o the helght of 500 it
ko th T o S ok 30 o v e pass of Stainmoor at the
biight of 1100 ot therfore tho ouldcrs now lic 900 fct above
their original position. In 1838 I observed many boulders of gra-

$ite dircied o5 Bes 1 o the western 108 of Glen Roy, o
the height of 2200 feet above the sea ; the granite resembled in
racter that scen in sifu at the head of the Spe i, in Mo
alloe?s Goologial Mg, i ke the nearest district of granite
 as the boulders came from this place, they must have
bien carriod ap.at lest 900 T, Mr. Malarca | haa doseribed
{1835) namerous bloeksofsandstono on he bigher prts of Arthurs
Sea, 400 fect above any spot where sandstone now exists -
Q\ulﬂ recently Mr. D. Milneq[ has noticed other hnuldcrs on the
e hill, belonging to the coal serics, and remarks  that there is
70 place in the ncighbourhood from which these biocks conld hare
me which is not at least 200 fect below their level.” In the Isle
of Man, the Rov. J. G Camming has obscrved with great earo &
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atiking case and_has most kindly communieated to me the details,
which will immediately appear in his work* : near South Barrule
here s  hillock formed of granite, quite diferentin ature from any
other rock in the island ; this mass of granite is about three-fourths
of a mile square, and is 757 fect above the level of the sea; from
this point. the boulders are thickly dispersed to the south-west, and

striking cases occur in the United States, in New B
Yoo and in_notthem Pennsylvaia.  Prof Ihh»hmck
observest, that the Silurian rocks of New York and the quartz
in the valleys of western Massachusctts have undoubtedly been
carried overand left upon the Hoosac and Taconic mountains, at a
et of ‘“uphards o ono thousand or two thousand fet.” Ll
‘mention the analogous case of the chalk-flints, associated with
Sondders of vrions Kinds, observed by the Dean of Westminster and
myself on Mocl Tryfam, at the height of 1392 feet above the level of
the sea, and which (as well as the chalk-flints at_the intermediate
point afthe Tle of Sand) thero is good reson to blieve must have
m Ireland, and thercfore, at least in the case of North Wales,

from a considerably lower level.

The first point to consider is whether, in these several instances,
the boulders have really come from a lower level, or whether the
iy mot (and T n indepted to Sir T D In Beche for this eaution)
have been derived from strata now entirely denuded, but which for-
merly extended up to the same level with the boulders. Or secondly,
Whether the boulders, afcr having been deposited, may not have been
raised by an uncqual clevatory movement above their parent district,
or the district itsplf have been depressed by subsidence below them.
With respoct to the former supposed grcates extension and subsequent
dennation of the pacent. rock,—in such as those near 1din-
burgh it is possible that this may be sufficient to accont for the

uenomenon. - Where the boldersare o granite, o at Glen Roy and
the Isle of Man, this view implies that a mass of that rock has been
wom down, equalling in Shicknss the diffrence i level between the
existing mass in sifu and the boulders : America, where the
bm\ldrn Tie Trom 1500 to 2000 fet. sbove their soures, the denudi:
tion on his view must havo been immensc, and it must ol Bave been
oted widhin the glacl pesod, a8 he low countey is comered wih
bouldors ; this Tikewiso s the case with tho boss f granite in the
Tsle of Man. Can it be supposed with any robabiity that the
ehallormation fprmerly extenied in Ireland up to aheight of nearly
1400 feet ? ensoof the boulders doncribed by Prof. Phillips
T e that the above view is quite inadmissible ; an
he has pointed dut g me conclusive reasons, but which, considering

 The e of M, g History e, by the v, 3. G
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his high authority, I do not consider it necessary to give in detail ;
Lvill only mention that the gruvacke was planied down level, be-
fore the thick mass of mountain-limestone on the surface of which
the boulders lic was deposited on it, and that at a short distance the
grauwacke is quite cut off by the Craven fault: the conglomerate
‘beds, whence the boulders at a height of 900 fect on Stainmoor were
derived, are horizontal.
ith respect to subsequent unequal elevation having cansed the

boulders now to lic above their parent rocks, the simple fact of the
number of points, irregularly placed both in Great Britain (uamely,
in northern and central ‘lcobluml, in the Lake district, North Walcs,
sle of Man and Ireland,) and likewise in the United States, appears
to me to render this view extremely improbable; for on such a view
it must be admitted that in Great Britain and America several great
mountains and mountain-chains have been formed so lately as during
the glacial period, and this is a proposition to which few geologists
will b inclind to assent. - Moreayor, in the cas of Stainmoor, ¢ s
Known that its erest now holds, one part with another, the same re-
Intive lovel u it did dusing he glaial period, for the boudes havo
crossed it only in one notch or gap, which is now the lowest part ;
and certain chains of hills which would at present intercept boulders
coming from one quarter likewise did so at the glacial ¢

In the Isle of Man the parent granite and the boulders which lie
788 feet above it are scarcely more than two miles apart, and in the
intermediate tract, thickly covered with the boulders, Mr. Cumming
has in vain serched for ovidence of o fuult. In the Lake distrck
there is, 1 think, conclusive evidence that unequal elevation is not the
{rue explanation, for the boulders there Tie so.elose t the rosks in
situ that there would necessarily be, if the boulders had heen subse-

ently uprised, o fult or abrupt flesure i ane caseof 900 and in

the other of 500 feet. Ience we must conelude, in accordance with .
1 e of T SoeurAl Ao s B Sesria ths s cases,
that the boulders have really been drifted nearly as many feet up.
wards (that is, making in alimost every instance some allowance for
the, subscqum\t denudation of the parent rack) as they now lie above
their original sonrce.

Those who belere inthe powerfl agency of ée n moving bonlders
will probably at first conclude that icebergs have in son
transparted fhom from & lower to & hightr level: But the most ob-
vions method by which fragments of rock can get on icebergs is by
their hasing first fallen from the surrounding precipices on glaciers
entering the sea, and therefore they must have come from a higher
to 2 lower level, Tt seems impossible, owing to the temperature of
the water, that at_any considerable depth, boulders could be frozen
into the bottom of icchergs; and even if at lesser depths they did
become so frozen* or mechnmcnl]{ wedged in, and if by the icebergs

being overturned they were saved from being soon thawed out, yet
they could be deposited above their former level only by so much as
Ses s xelln emrts on s st n i 1. De I Beche's Aniver
ary Ao o 015
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the fee under water had decreased in thickness in the interval of the
Boulders having been canght up and dropped. Tn any cse the notion
of icebergs having, in the States of New York, New England, and
Dorthern enneyloanis, Tited up numerous huulnlers from a depth of
bElWlE\\ 1000 and 2000 feet, is quite inadmissibl
"y prper on the Boulders of the Southern hemisphere, read be-
fore this Bostety *, T pointed out that thore wore two methods, ssson-
tially dsinet Both in the requisite climate and in the results produced,
which fragments of rock are transported ; namely, by icebergs and
1 onsticn. Lechyrgs now trssepirt fragemeats of rosk t the wost
coast of South America, in the latitude of the central parts of Eu-
rope, under a temperate climate where the sen, even in protected bays,
is never frozen.  On the other hand, in the northern parts of the
Unied States and in the Galf of Bothnin, whersthe climate is ex-
e, but yet undern attnde where glaciers never desend o the
fevel of thescay fragments of rock ave snually enelosed by the
freczing of the coast- Sater, and are thus transported. . In the polar
vegions both actions concur. Ieebergs will transport such fvugmcntn
of rock as fall on the parent lucers, and thes are gnerally quite
angular.  From the vast size of the bergs, the fragments il ofen
be transported to great atonont, sl whan depostea. it svat bo In
deep water, and therefore (as well as from the original descending
‘miovement; of the glacier) at » much lower level than the parent rock :
when once dropped, they will probably never again be moved by ice.
On the other hand, coast-ice will transport whatever fragments of
rock or pebbles lic,on or near the shore. These fragments, from
g repeatedly enght in the ice and stranded with violence, and
from being every summer exposed to common littoral action, will
generally be much worn; and from being driven over rocky shoals,
probubly often scored.  From the ice not being thick, they will, if
Tk doilled aut o 7o, be Iuudbd in shllow places. and i the
packing of the ice be sometimes driven high up the beach, or cven
i irehed on Iedo of rock. By this agency boulders wil proba:
bly not be carried to such great distances as by iccbergs, an
limit of their transportal will perhaps be more defined. In South
America there is o considerable difference in the state of the
boulders in Tierra del Fuego, where a large proportion are mucl
rounded, and on the plains of Patagonia and in Chiloe further from
the pole, where tlfe boylders are larger and quite angular. 1 atri-
buted the presens of these Iter tothe exclusive action of fcbergs;
whilst in Tierra del Fuego const-ice appears formerly to have come
o play..On Mocl Tryfaut the wellrounded !mgmcnln of chalk-
flints were in all probability transported by const-ice : though I can-
not doubt, from the extraordinary manner in which the laminee of
the sae focks haye there been shatered, tt cebergs have ikovise
been driven hen
there to have concarred. Somo other distinguishing RiFs
tween the actfon.of mmm« and of icebergs will presently be pointed
Tranacions ofth Geo. Su, o, i econd series) . 30
§ Lo Banokoshses oo, . 4o
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from a Tower to a higher lovel

o take the case of North America: Mr. Lyell* has shown, from
an independent train of reasoning, that this country during the gla-
cinl periad slowly subsided to » consdersble amount : several Ame-
rican geologists have come to a similar conclusion, and they believe
that the subsidence amounted to two or three thousand feet, or even

re. Let us suppose a sinking movement to be now going on in
the estuary of the St. Lawrence or on the coast of Labrador, where
we know, ram the observationsof Lieu. Brown and Capt: Bavfield,
as given by Mr. Lyellt (and illustrated by striking sketches), that
anmually an_enormous number of boulders, both on and e the
coast, are frozen into the coast-ice and transported to shorter or
greater distances ; can we doubt, that if during the year the land
sunk a few inches or feet, the boulders, whilst. nclun‘ fmzm in or
when refrozen during the ensuing winter, would b o lite d np and
Innded so many inches or feet higher up on the cont? Capt Bay-
field, as stated by Mr. Lyell}, saw masses of rock, “ carried by ice
through the straits of Belle Isle, between Newfoundland and the
ot which Ko oniives g htvs travelled inthe course of
years from Baffin’s Bay.” Now if during this probably long course
o yeuee,tor the boulisis wem generally to be transported only a
short distance each winter,—the land had subsided one or two hundred
feet, is it not almost et st My ocld Mas beeTaadad o0
‘many feet higher up with respect to their former level, in the same
manner as would have happened with so much drift timber? It is
indeed paradoxieal thus to speak of the houlders having been carried
ups et the laud bas gone down' for, in Tact, the boalders are
merely kept by the floating ice at the same level, whilst the land
sin

out ; and it is by coast-ice, s T believe, that boulders have been trans-
P

N donbt during this process some boulders would be dropped in
water too decp to allow of their being refrozen,

thus 1ol behiad, Somrecly any form of land mould seovent. the
boulders from being annually landed on a temporary resting-place :
even a line of perpendicular clif, if not of very great le
‘probably only canse the tidal currents to drift the coast
onwards ; a few more boulders, perhaps, being dropped there than
clsewhere. I can sce 0nly one difficulty of any weight to this view,
namely, that the boulders ound down into mud and de-
stroyed from having been stranded such innumerable times, as must
Tavd happened with those which were kept up to the same absolte
level during a sinking of the land of many hundred feet. On an ex-
posed const, where the breakers had power to dash pebbles against
the boulders, I have no doubt that this would take place, more espe-
cially ith boulders small emongh to be themselves foled over. Bt
on & broken cost, amongst islaads snd n beys, T do not beieve tat
this would happen. We may infer from the fact of scored rocks
having been observed both in Scotland and in North Wiles, dippiug

“Travels in North Amg 40, and ol 48
+ Principles of an\ng), T edit, e 2 3 Ihid. p. 231
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under the surface of lakes, in a quite unaltered condition, that the
action of simple water, and of snch little waves as lakes can produce,
even when prolonged from the glacial period to the present day, is
absolutely as nothing ; and in sheltered bays, the force of the waves
is not very much greater than in lakes. _Morcover, in South America
T have scen many boulders lying on sea-beaches, exposed to the wash
of rather open channels, and which, so far from having been de-
stroyed, yet retained their angles perfect.

Neveritles t might cettainy be expected that boulders which
had thus been buoyed up by const-ice during long-con ages
would be well-rounded.,  Ackording: 10 Prof. 11. D, Ilngﬂ!, this is
the ease with the majority of the boulders in North America: those
at Glen Roy were rounded, but they were composed of granite sub-
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of Man: Mr. Cumming however informs me that the boulders, with
some marked exonptims, * dijnish in sober aad sion the urther
we proceed ” from the granitic boss. oulders on Art]
Sea, udging from the remarks of Messrs. Maclaron and Milne, are
rounded.Those near Kirby Lonsdale, which now lic, according to
Drof, Phillips, 500 feet above their parent rock, are not rounded ;
but they are composed of slate, a rock very little linble to be rounded,
and they appear to lic in a sort of train up a valley surrounded b
Tountatos, which must formerly have been  well-protected bay. Tr
would be interesting to Mcexu\m hether those boulders which now
stand highest above the parent rock are more worn than those at .
Tower level, whieh Ttter T bekove o have heen dropped during the
Tong-continued buoying-up process.
e have seen that, according to Mr. Lyell, the northern parts of
the United States did actually subside ¢ during the gl perod. T
am ot aware that anyone has attempted to show that Great Britain
was similarly affected during this same period. The following con-
siderations, however, appear to me to render it in some degree pro-
babl: in Staflordlice thre 0 many grat and perfctly angular
boulders of northern rocks, which almost evry gtologat believes
were transported on icebergs, now lying at the eu.,ht oF sbove 800
fet above the sen; and on Mool Tyfan, at o height of neary 1400
ect, there are stratified beds of the glaciol epoch (ns known by the
mclmlrd shell discorered by Mr. T nmmer), which beds, after carcful
d in the ordinary manner
mier the sea.  On the other hand, the character of the miocen
formations, on the east coast of England, belonging to an cpoch just
antecedent to the glacial, lead to the conclusion that the land then
did not kold a level widely different from the present one: if so,
umless we suppose a great inequality in the changes of level between
the cast and west coasts of England, the land must have sunk after
the miocene age to allow of the deposition of the glacial deposits at
i heghts above speified. “This eoncluson accords perfcly with
Professor E. Forbes's statement *, that all the organic remains seen
by him, from the glacial formation, indicate a depth of less than 25
* Memoirsof the Gealogical Survey, p. 376
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fathoms.  As far then as these considerations ean be at all trusted,
we are, according to the view given in this paper, in & position to
explain the transportal of the boulders from a lower to a higher level,
in Great Britain as well as in the United States. I will make only
one other remark on this head ; though I believe that Great Britain
subsided during the glacial period, yet I conceive it must also have
subsequently attaine: dunnk. his e prolonged period a consider-

able portion of its present height. I infer this from the plain marks
of true glacier action, low down the valleys in North Wales, within
300 fect of the present level of the sea*.

second. objetion of apparenly eonsidersble weight has been
adva ainst the theory of floating ice ; namely, that in some
Tnsianes th¢ Hiacks decrosss Vory mgnlnrlv in sz in proceeding from
theirsouree, Prof, T D. Rogerst says that his s markedly the
case in going southward in the United States. Ar:cordmg to M
Vinad it i also the case n the Lake distiet; * he locks becoming
smaller as we approach the coast of Yorkshire, till they degencratc
into pebbles in the more remote localities, in which the Cumbrian
rocks can be identified.” He adds, These facts are strongly in
favour of those views which would refer the transport of these mases |
to diluvial eurrents.” _This sorting of the boulders does not always'
hold good : on the plans of Patagusia the two largst bonlders
which I saw were near the outskiris of the deposit. Sir R. M

south-east parts of Shropshire, near the southern limi
northern drift, though he elsewhere states that the boulders gmmny

crease in size in going from north to south. In these cases, if we
ook at the boulders as having 1l been transported on cbergs, there
certanly appears uo reason why they shorld have been dropped
from such immense masses of ice, with any spproach to order ac-
cording to their size and to_their distance from their source.
this does not hold_good with. boulders transported in sheets i
fngments of const-ics - here the buoying agent is not of dispropor-
tionate power to its burthen; as the ice decays, the heaviest frag-
ments would naturally be apt to drop out first ; and it would appear
from the accounts given to s, that the largest boulders during some
intrs escape beng mored at al, whilst. thesmlle onesae driting -

wards. Morcover, the boulders (and great stress may probably b
Iaid on this point) which had travelled farthest, would, from having
been repeatedly stranded, and necessaril
worn, and therefore would be smaller than those which had travelled
to a shorter distance.

T have shown, in my volume on South America, that the sea has

* Since the above was written, T have found that Mr. Trimmer, in his inter-
ing paper . he Ol logy of Norfolk (Journal of the Royal Agricultural Society,
, has shown that that district subsided at least 600 feet, and was
l\kzwlxeuprniad doring the boulder o glacial period.
o the Association of American Geologists, 18414, p. 45.
1 Gonrmat o the Geoogheas Sciet, o1 . . 58,
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the power by some means of sorting the pebbles which lie at the
bottom, their size decrensing with surprising regularity, even till
they pass into sand, with the icreasing depth. There is some diffi-
culiy in understanding how this is efiected : Playl
that the undulations of the sea propagated downwards from the sur-
face, fend to lift up and down the pebbles at the bottom, and that
such are liable, when thus quite or partially raised, to be moved on-
yards oven by a very ¥ walt current.  Should, therefore, 8 boulder
formation e exposed during subscquent changes of level to the
action of tho sen, pebbles dertved from it and. decronsing im size with
perfectregularity according to their distance from their source,
might be thus spread out.  Hence T coneive chat from  group o
‘monntains, wl onee existed as an island, boulders, decreasing
in bulk with some degree of regularity, and beyond them pebbles
degenerating with perfect regularity info sand, might he spread out,
thus simulting the ffcts of a_great dacle, which in rshing
g o inensibly os ts pover, and yet that both boulders and
pelnblcs had been mmpnned the ordinary currents of the sca;
Eided, in the one base, hy fouting consbice, 1 the other, apparently
by the undulatory mavement of the water.

The two objections, therefore, which have been here diseussed,
cannot, T think, any longer be considered as absolutely fatal to the
heory of foating iot; and thus fr the hypothesis of a debace s
no_longer necessary.

If the explamuon Jhere givenof the transportl of bouldersfrom 3
lower to a_higher level be hereafter proved correct, we gain, in all
cases where e oo Faraos Lo s o e

went rock is not so great as to allow of the probability of subse-
f,..em mequal movements of elevation,  valuable measure of subs
dence during a_defined period. We are_accustomed to precise
‘measurements of clevation, from the ascertained heights of upraised
marine remains; but it semed quit hopeless to expet his,even in
a lesser
Hides under tho sea the surfes aflected. 1t is marvellous that
Nature should have thus marked by buoys made of stone, the former
sinking of the earth’s crust, and likewise, I may add, its subsequent
clevation ; and that on these blocks of stone the temperature, during
the long period of their transportal, may be said to be plainly engraved.
Moreorer, it i thus shomn tha the Absilencs tudugm v miive
summer was so_great as to carry the coast-boulders beneath that
Al Tt of opth at which the salt wator during cach ensuing
winter became frozen.

Note.—Afier this paper was read, Mr. Nicol objected that when
the parent rock s once mbmerged, o fther aupply of bouider
could be derived from it, and_consequently if afterwards, eacl
they were afloat, only one boulder out of a hundred was dmppcd in
waier too deep for it to be refrozen in_the coast-ice, after a certain
time there would be none left to be carried up, during the continued
subsidence, to the higher levels. This appears to me an objection of
much forcc. 1 would, however, remark in the first place, that I do
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not suppose that the houlders over the whole area of subsidence are
carried far up, but only those in certain favourable situations.
Secondly, several Arctic voyagers have stated that the pack-ice fre-
quently piles wp and. leaves mashes of Boulders at u height of even
20 and 30 fect above high-water mark ; now after a subsidence, the
feo during tho frst gle would drive these howlders sl Wigher up,
and so onvards and upwards, with scareely any tendency o oary
them out to sea. In a bay open to the plmmlmg winds, and wil
out any river entering if, 1 should imagine that Hice would
rarely be drifted outwards. Thirdly, \mhuc umz B.ny nm...g ob-
ject thrown into the water not far from an extensive coast-line, is
generally driven soon on shore : this cmmnly seems t0 be the case
with the wrecks of boats; and if so, any ice-borne boulders, carried
by the wind off the land, would generally be again thrown on the
const..

3. On Scratched Boulders. Part 1. By Jawms Swrrn, Esq. of
Jordan Hill, F.R.8.L.&E., F.G.S.

[The publication of this paper is postponed in order tiat it may
appear in connexion with the sccond part read at a subsequent mee-
ing of the Socicty.]
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